INTRODUCTION
As a traditional Chinese medicinal material curing method, the application of antagonistic storage has a long history and its concept can be traced back to Ming dynasty of China. Antagonistic storage is a method using traditional Chinese medicinal material with insect-repellent volatile odors to store together with medicinal herbs vulnerable to insects to prevent insect harm 1 . With improvement of the sense of environmental protection and medication security, this traditional curing method has been drawn more and more attention. To inherit and develop this traditional curing method, Zanthoxylum bungeanum essential oils were investigated. It was expected that this study would provide theoretical bases and material basis for traditional Chinese antagonistic storage. As one of the most serious pest species worldwide, the cigarette beetle, Lasioderma serricorne Fabricius Coleoptera: Anobiidae appears frequently in tropical and sub-uct insects 4, 6, 10 12 .
In particular, essential oils have antifungal, antibacterial, antithrombotic and antiviral activities, which suggest that they have a vast array of possible application in health and agricultural use 11, 13, 14 . During our screening program for seeking material basis for traditional Chinese antagonistic storage theory, two essential oil samples obtained by SFE and HD from the pericarp of Zanthoxylum bungeanum were found to possess insecticidal and repellent activities against Lasioderma serricorne adults. The pericarp of Z. bungeanum, commonly named Huajiao in China, belongs to the Rutaceae family and has been widely used as an important spice and traditional Chinese medicine for its special flavors and medicative characters 15 . The cigarette beetle, L. serricorne used in the following screening for bioactivities were maintaining in the lab for the last 2 years in dark in incubators at 29 1 with relative humidity of 70-80 . Wheat flour at 12-13 moisture content mixed with yeast 10:1, w/w were used in glass containers 0.5 L to breed insects. In experiments, escape proof were made with a coating of Fluon ICI America Inc., Bridgewater, NJ, USA, around the mouth of all containers and Petri dishes. Laboratory bioassays were performed within one week after adult collections.
2.2 Isolation of the essential oil and puri cation of eight chemical compounds Five kilograms of pericarp was air-dried for one week and subjected to hydrodistillation in a modified Clevengertype apparatus for 6 h to obtain HD-sample. Another four kilograms was extracted at 50 , 5-6 Mpa and 30 L/h of CO 2 flow on HA321-50-16 instrument, for 1 h to get SFEsample. Anhydrous sodium sulphate was used to remove extra water from extraction. The two essential oil samples were stored in airtight containers in a refrigerator at 4 for further analysis.
The crude oil SFE-sample 20 mL was chromatographed on a silica-gel SiO 2 Fig. 1 and 4-terpinenol 18 6, 1.26 g, Fig. 1 , respectively. Structures of these isolated compounds were elucidated in the same way.
GC-MS and GC-FID analysis
Essential oil samples were analyzed by a Thermo Finnigan Trace DSQ GC/MS instrument Thermo Finnigan, Lutz, FL, USA equipped with a flame ionization detector FID and a HP-5MS 30 m 0.25 mm 0.25 μm capillary column. The mass spectrometer was operated in the electron-impact mode, with ionization energy of 70 eV in m/e ranging 10-550 amu. Same column and analysis were used in both GC-FID and GC-MS analysis. The temperature was programmed isothermal at 50 for 2 min, then rising from 50 to 150 at the speed of 2 /min, held isothermal at 150 for 2 min, rising from 150 to 250 at 10 /min, and finally held isothermal at 250 for 5 min. The injector temperature was 250 , and the flow rate of helium the carrier gas was 1.0 mL/min. Samples were diluted 1 solution, v/v, diluted in hexane and then manually injected in the split mode. Identification of components by gas chromatography/mass spectrometry by R.P. Adams is a good reference 24 for retention indices of essential oils. Quantification was determined by percentage peak area calculations using GC-FID, and the major constituents were identified by coinjection with standards wherever possible and confirmed by using the National Institute of Standards and Technology NIST version 05 GC-MS libraries Standard Reference Data, Gaithersburg, MD, USA and Wiley 275 mass-spectral libraries Wiley, New York, NY, USA or in the literature 25 . Analysis for each essential oil was repeated for three times.
Bioactivity 2.4.1 Insecticidal activity
The fumigant activity of the essential oils or pure compounds against L. serricorne adults was measured as described by Zhang et al. 12 . Range-finding works were per-
f o r m e d t o a s s e s s t h e m o s t a p p r o p r i a t e t e s t i n g concentrations.
A serial dilution of the essential oils/compounds five concentrations was prepared in n-hexane. A Whatman filter paper diameter 2.0 cm was placed on the underside of the screw cap of a glass vial diameter 2.5 cm, height 5.5 cm and then impregnated with 10 μL dilution. The cap was tightly placed on the glass vial, each of which contained 10 insects inside to form a sealed chamber. Fluon ICI America Inc., Bridgewater, NJ, USA, was used inside the glass vial to prevent insects from contacting the treated filter paper placed on the glass vial. n-Hexane was used as a blank control. Five replicates were performed for all treatments and blank controls, and then they were incubated under the same conditions for 24 h. The insects were considered dead if appendages did not move any more when probed with a tiny brush, and the LC 50 values IBM SPSS V20.0, IBM Inc., Armonk, NY, USA were calculated using Probit analysis 26 .
The contact toxicity of the essential oils or pure compounds against L. serricorne adults was tested with reference to the method of Zhang et al. 1 . Range-finding surveys were performed to find the most appropriate testing concentrations. A serial dilution of the essential oils/compounds five concentrations was prepared in n-hexane. Aliquots of 0.5 μL dilutions were applied topically to the dorsal thorax of L. serricorne adults. Blank controls were determined using n-hexane. Both treated and control insects were then transferred to glass vials ten insects per vial, five replications per dose with culture media and kept in incubators. Mortality was recorded after 24 h of exposure and the LD 50 values were calculated by using Probit analysis 26 .
Repellency tests
The repellent activity of the two essential oils and pure compounds towards L. serricorne adults were performed using area perference methods 1, 27 . The essential oils and compounds were dissolved separately in n-hexane to different concentrations 39.32, 7.86, 1.57, 0.31, and 0.06 nL/ cm 2 , and n-hexane was used as blank control. Fluon was used on the wall of each Petri dish to prevent insects from escaping. A filter paper 9 cm in diameter was cut into equal pieces, and 500 μL of testing solution was placed uniformly on one piece as a testing part, while another treated with 500 μL of n-hexane as blank control. After air dried for 30 s, both two pieces were carefully fixed on the bottom of a Petri dish side by side. Twenty insects were released in the center of each fliter-paper disk, and a cover was placed over the Petri dish. For each tested concentration, five replicates were taken. Counts of the insects present on each half of the fliter paper were recorded after 2 and 4 hours, respectively. The percent repellency PR of each oil or compound was calculated using equation:
where N c was the number of insects present in the blank control half, while N t was the number of insects present on the testing half. Analysis of variance one-way ANOVA was conducted by using SPSS 20.0 for Windows 2007. Repellency values were subjected to arcsine square-root transformation before variance tests. The PR values were then assigned to different classes 0-V according to the scale presented in Table 1 28 . A commercial repellent, N,N-diethyl-3-methylbenzamide DEET , was purchased from Dr. Ehrenstorfer Augsburg, Germany and used as positive control.
RESULTS and DISCUSSION

Chemical compounds of the essential oils
The yields of Z. bungeanum essential oil samples obtained by HD and SFE were 5.61 v/w and 7.11 v/w , respectively. In Table 2 , the results of GC-MS analysis between two essential oil samples were different. Examination of the essential oil SFE by GC-MS revealed the presence of twenty-nine components, accounting for 88.63 of the total essential oil and the main compounds were identified as nonanoic acid 21 and α-terpineol 5.02 . Comparing the two methods, the yield of the essential oil isolated by SFE is much higher than that obtained by HD. What s more, unlike the HD method conducted under a high temperature, SFE method was performed under a much lower temperature, which can avoid changes in chemical composition. Hence, the method of SFE could fairly reflect the various components of the volatile oil from Z. bungeanum.
As an edible Chinese herbal, research on the essential oil of Z. bungeanum has long been a hot spot. In a resent paper, the antitumor activity of Z. bungeanum seeds oil against Hela cell was confirmed 29 . In another literature, Li 33 , eight batches of samples with 64 compounds were investigated. Among these compounds, 21 constitutes were common to the eight cultivars, while there were significant differences in common constituent contents of eight different samples.
In particular, this is the first time to report the comparison of chemical composition of two essential oil samples obtained by HD and SFE from Z. bungeanum pericarp. Retention index RI relative to the homologous series of n-alkanes C 5 -C 36 on the HP-5 MS capillary column. b Relative area peak area relative to the total peak area . Analysis for each essential oil was repeated for three times. c MS mass spectrum, Co co-injection with standard compound.
Bioactivity 3.2.1 Insecticidal activity
The fumigant toxicities of the essential oil samples SFE and HD from the pericarp of Z. bungeanum and eight isolated compounds against L. serricorne adults were presented in Table 3 . The results showed that the cigarette beetle, L. serricorne treated by SFE-sample LC 50 3.99 mg/L air was more sensitive than that treated by HD-sample LC 50 12.54 mg/L air . Among the eight isolated compounds, α-terpineol exhibited the strongest fumigant toxicity against L. serricorne with a LC 50 value of 3.27 mg/L air 34 , followed by eucalyptol, 4-terpinenol, γ-terpinene, and caryophyllene oxide showed no fumigant toxicity against L. serricorne at all. Hence, the synergy among the compounds in SFE-sample was stronger than that of HDsample. Meanwhile, monoterpene compounds has a better fumigant toxicity against L. serricorne adults than other types of compounds, and this might be attributed to their special volatility.
As it shown in 
Repellent activity
The results of repellency assays for the two essential oil samples and eight isolated constituents against L. serricorne adults were presented in Fig. 2 . At both 2 and 4 h after exposure, HD-sample exhibited higher level of repellency than SFE-sample at five test concentrations. The result might be attributed to the high relative content of volatile compounds in the essential oil sample extracted by HD. Among eight isolated compounds, α-terpineol exhibited higher level V, IV, and II of repellency against L. serricorne adults at the concentrations of 7.86, 1.57, and 0.31 nL/cm 2 after 2 h exposure in Fig. 2 . Nonanoic acid showed the highest level V of repellency on L. serricorne adults at the highest concentration of 39.32 nL/cm 2 , while at 1.57 and 0.31 nL/cm 2 concentrations, it showed strong attractive interaction. While at 2 and 4 h after exposure, there was almost no repellent activity on L. serricorne adults when treated by γ-terpinene. In addition to γ-terpinene, monoterpenes exhibited higher repellency against L. serricorne adults than sesquiterpenes and saturated fatty acids at 2 and 4 h after exposure. It showed that nonanoic acid and γ-terpinene with high relative content played key role on repellency of SFE-sample. While, some other components with high relative content in HD-sample, like limonene and linalool, were not contained much in SFE-sample. However, these components in HD-sample played an im- portant role on repellency against L. serricorne adults. This suggests that the higher relative content it has, the more important role it plays on repellency of the whole oil against L. serricorne adults. α-Terpineol showed higher level of repellency on L. serricorne adults on the concentration of 1.57 nL/cm 2 after 2 and 4 h exposure. At five concentrations, the overall trend of the two oil samples and eight compounds was declining over time. The different repellency might be attributed to the different non-persistent volatility of essential oil samples and compounds. However, there s no sufficient reports about it at present. Hence, further investigations need to be conducted in the future.
CONCLUSION
In this work, the chemical composition of Z. bungeanum essential oils and their anti-insect activity against L. serricorne were investigated. The anti-insect activity of eight compounds which were isolated from the essential oils of Z. bungeanum was also measured. It was revealed that the two essential oil samples from Z. bungeanum pericarp and their major chemical components could play key roles in traditional Chinese antagonistic storage. And the two oils extracted by HD and SFE methods have a very good application in developing into natural insecticides or repellents for control of insects in stored products or traditional Chinese medicine. The results in present study provide theoretical bases and material basis for traditional Chinese antagonistic storage. It also provides significant information for the development and comprehensive utilization of Zanthoxylum bungeanum. Although further detailed investigations are needed, these results provide the first new perspective on antagonistic storage of Z. bungeanum essential oil.
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